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Abstract 
There has been an increased incidence of lead poisoning in 
children in the United States today according to literature. 
Lead poisoning can be a dangerous and potentially lethal 
problem for a child. The purpose of this study was to 
investigate the incidence of elevated lead levels in 
children ages 1 to 6 years who received health care in a 
military facility. The Neuman Systems Model was the 
theoretical framework utilized in this study. The design 
used for this study was a retrospective chart review. Data 
collection included a review of 50 charts from a convenience 
sample (N = 50) of children ages 1 to 6 years at a military 
health care clinic in rural Northeast Mississippi. The 
results demonstrated that although there was only a 4% 
incidence of elevated blood lead levels (> 10 pg/dl), 98% of 
the sample (n = 48) had some form of lead exposure resulting 
in a lead level of > 0 pg/dl. These findings signify that 
mandating lead screening of children may be very significant 
in reducing the number of children with lead levels > 0 
JJg/dl. Further research is recommended to determine if 
similar findings will occur with replication of this study. 
If replicated, a more representative group should be 
utilized with inclusion of more demographic data. 
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Chapter I 
The Research Problem 
Lead poisoning is a serious pediatric health problem. 
It is estimated that large numbers of children have blood 
lead levels that are high enough to cause adverse effects 
(Centers for Disease Control [CDC], 1991). Currently 
estimates are as high as 17% of children in the United 
States ages 6 years and under who have blood lead levels 
greater than 15 mcg/dl (Agency for Toxic Substances and 
Disease Registry, 1988). 
Experts agree that children with sustained lead levels 
above 10-15 mcg/dl are at a progressively increasing risk 
for future neurobehavioral and cognitive deficits which can 
slow progress in school. The consequences of lead poisoning 
are devastating. In addition to renal disease and 
cardiovascular effects, elevated lead levels may cause 
irreversible neurologic damage and, in some cases, severe 
retardation. Ultimately even death can result from elevated 
lead levels (Hu, 1991). 
Lead screening can be very useful in identifying 
asymptomatic lead-poisoned children. Once these children 
are identified, early intervention which can reduce their 




to abatement of lead poisoning by identifying the source of 
lead, thereby preventing future exposure of children (CDC, 
1991). Chronically elevated lead absorption is most common 
in preschool-aged children who live in old, deteriorated 
homes. Currently, many of the children affected by lead are 
being identified through voluntary lead screening programs 
(Agency for Toxic Substances and Disease Registry, 1988). 
Screening for lead is extremely important because very 
often symptoms of lead poisoning may be subtle and 
nonspecific. Physical examination generally reveals few 
abnormal findings unless there is acute encephalopathy. 
Lead is a poison that can affect virtually every system in 
the body. Lead is particularly harmful to the developing 
brain and nervous system of the fetus and young child (CDC, 
1991). Since almost all children in the United States are 
at risk for lead poisoning, all children ages 6 years and 
under should be screened (CDC, 1991). 
Pediatric health care providers have, as part of their 
role, the responsibility to provide anticipatory guidance 
about childhood lead poisoning and its prevention. This 
study will help establish the need for lead screening by 
providing evidence about the numbers of children in a sample 
of multicultural, multieconomic children who have elevated 
lead levels. According to the CDC (1991), universal lead 
screening, which demonstrates a shift toward primary 
prevention, is recommended in pediatric health care. This 
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study sought to provide evidence that substantiates the need 
for mandatory lead screening. 
Introduction to the Problem 
According to the CDC (1991), lead poisoning is one of 
the most common pediatric health problems today. Lead 
poisoning is almost wholly preventable. There has been an 
increased incidence in lead poisoning in children in the 
United States. Over the past several years, scientific 
evidence has shown that some adverse effects occur in blood 
lead levels as low as 10 mcg/dl in children. This evidence 
should be a major force in determining how we approach 
childhood lead exposure (CDC, 1991). 
The conseguences of lead poisoning are devastating. 
Renal and cardiovascular diseases and irreversible 
neurologic damage along with some cases of severe 
retardation and even death can result from elevated lead 
levels (Hu, 1991). 
There are many sources of lead in the environment that 
are the result of industrialization. Sources of lead 
exposure include ambient air, dust from various sources, 
soil, food, drinking water, lead-based paint, other 
ingestible materials, parental occupations, and hobbies 
(Marcus, 1992). Lead is absorbed by the body primarily 
through the respiratory and gastrointestinal tracts. The 
absorption of lead through these routes varies considerably 
and is affected by factors such as age, nutritional status, 
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particle size, and chemical composition of lead. Between 
30% and 50% of the lead that a person inhales in ambient air 
is deposited in the respiratory tract and absorbed 
(Conference on Childhood Lead Toxicity, 1990). In addition, 
more than 75% of lead particles deposited in the upper 
respiratory tract that are too large to be absorbed in the 
lung are transported to the gastrointestinal tract for 
absorption. It is estimated that children inhale more lead 
air on a unit-mass basis than adults. The absorption of 
lead in the gastrointestinal tract is considered to be at 
the rate of 50% in children and 10% in adults. These rates 
vary depending upon the source of lead and the particle size 
(Conference on Childhood Lead Toxicity, 1990). 
Deficiencies in iron, calcium, and other nutrients may 
result in increased absorption of lead and higher blood 
levels (Conference on Childhood Lead Toxicity, 1990). The 
excessive dietary intake of fat in some individuals can 
further potentiate gastrointestinal lead absorption and 
interfere with the biosynthesis of heme (Hoekelman, 1992). 
This process starts with the enzyme ferrochelatase which is 
responsible for incorporation of iron into the 
protoporphyrin molecule to produce heme. Therefore, a 
nutritionally compromised child will have a higher 
absorption of lead and will sustain more of the side effects 
of lead. Lead poisoning may cause anemia by hemolysis. 
Shortened erythrocyte survival time appears to result from 
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both increased mechanical fragility and decreased osmotic 
resistance, secondary to inhibition of cell membrane enzymes 
by lead (Marcus, 1992). 
Because children have smaller body masses than adults, 
children concentrate more lead and, therefore, have more 
serious adverse effects related to elevated blood lead 
levels. Also, children are at a higher risk for lead 
poisoning because they engage in more hand-to-mouth 
activities. 
Lead poisoning is widespread. The incidence of lead 
poisoning is not confined to inner city or minority 
children. No socioeconomic group, geographic area, or 
racial or ethnic population is spared (Barker & Lewis, 
1990). Therefore, since virtually all children are at risk 
for lead poisoning, the CDC has recommended that lead 
screening be a phase of universal screening (CDC, 1991). 
There has been an increased incidence of lead poisoning 
in children in the United States today. Lead poisoning can 
be a dangerous and potentially lethal problem for a child. 
Screening for elevated lead levels is an accurate process 
that can identify affected, often asymptomatic, children. 
Currently lead screening is not a routine procedure. 
Therefore, the purpose of this study was to investigate the 
incidence of elevated lead levels in children ages 1 to 6 
years who received health care in a military facility in 
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order to provide information that could provide evidence to 
mandate lead screening in all children. 
Significance to Nursing 
This study will assist nursing in focusing efforts on 
primary and secondary prevention of lead poisoning. By 
determining the incidence of elevated blood lead in children 
ages 1 to 6 years, one may be able to demonstrate that a 
significant number of children have elevated lead levels. 
Today, despite the CDC recommendation, lead screening is not 
being mandated. Lead may be the silent killer. This study 
may provide information that may support that lead screening 
for all children be mandated. 
This study answers the question, what is the incidence 
of elevated lead levels in children ages 1 to 6 years who 
received health care at a military facility? Although the 
incidence among all children is not yet known, the results 
of this study provide important information to health care 
providers. In clinical practice this study can validate 
primary prevention as an important intervention. The 
pediatric nurse clinician as part of the health care team 
must educate parents about the major sources of lead and how 
to prevent exposure and poisoning (CDC, 1991). 
Screening for lead levels in children 6 years and under 
will continue to be based on the screening schedules 
recommended by the CDC (1991). The pediatric nurse 
clinician must obtain a comprehensive history to determine 
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the child's risk for higher dose lead exposure. Follow-up 
screening is based on the child's risk category. 
This study contributed to the educational needs of 
pediatric health care providers. By revealing the incidence 
of elevated lead levels in these children, pediatric health 
care providers can become more aware of the degree of risk 
or hazard of lead exposure and poisoning. The health care 
providers can then focus more on primary prevention as 
intervention which promotes client wellness, thereby 
reducing risk factors (Neuman, 1989). 
This study also tested Neuman's theory as it 
incorporated parts of the systems model. Nursing can expand 
on the knowledge obtained by conducting longitudinal studies 
on the effects of low-level lead counts or, possibly 
comparative studies on the incidence of elevated lead levels 
among various groups of children. Further research may be 
generated based on the results of the study if significant 
trends are seen. 
Theoretical Framework 
The Neuman Systems Model provided the theoretical 
framework for this study. Neuman focuses on a holistic 
systems model that consists of four metaparadigm concepts, 
including person, environment, health, and nursing. Neuman 
defines person as a basic structure consisting of five 
variables (physiologic, psychologic, sociocultural, 
developmental, and spiritual) that are protected by lines of 
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resistance. The environment consists of both internal and 
external forces surrounding the person at any point in time. 
Health or wellness is described as the state during which 
all parts and subparts are in harmony or disharmony with the 
whole person. Nursing is concerned with the variables that 
affect the person, such as stressors, prevention, 
attainment, and maintenance of client system stability 
(Neuman, 1989). The adaptation level of the individual is 
developed over time and protected by the normal line of 
defense as a protective mechanism against stressors 
(Fawcett, 1984). 
This study determined the incidence of elevated lead 
levels in children ages 1 to 6 years. It has been 
recommended by the CDC that all children 6 years and under 
be screened for lead poisoning. Within the framework of 
this study, person included all children who received health 
care at a military facility. The concept of environment 
included the various sources of possible lead exposure to 
which the children may have been exposed. Health was viewed 
in terms of blood lead level of 10 pg/dl or greater as 
illness. The potential stressor within the environment was 
lead. Exposure to lead is a threat to the line of defense 
and, if it penetrates the normal line of defense, may cause 
illness. Therefore, if lead exposure can be prevented from 
penetrating the normal line of defense, the person can 
continue in a state of wellness. 
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One of the goals of the pediatric nurse clinician in 
primary care is prevention. However, in this study the lead 
screening could be categorized under secondary and possibly 
tertiary prevention. Secondary prevention as an 
intervention was early case finding and treatment of 
symptoms (Neuman, 1989). This intervention was done after 
it was determined that the child had been exposed to lead 
(reaction to stressor). Appropriate intervention and 
treatment will be initiated after screening results are 
obtained in order to reduce the sequela of exposure. 
Tertiary prevention then follows after active treatment and 
focuses on readaptation, reeducation toward prevention of 
occurrences, and maintenance of health (Neuman, 1989). 
Assumptions 
The following assumptions will serve as a base for this 
study: 
1. Blood lead levels greater than 0 mcg/dl can have 
adverse effects on the central nervous system because a safe 
blood lead level is a level of 0 mcg/dl. 
2. Laboratory determinations will be accurate. 
3. Routine screening programs can decrease profound 
adverse effects of abnormal findings. 
4. Prevention as intervention reduces the risk of lead 
poisoning in children. 
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Purpose of the Study 
The purpose of this study was to determine if a 
significant percentage of children cared for by a military 
health care facility experienced elevated lead levels. 
Statement of the Problem 
Given that elevated lead levels can be potentially 
harmful to children, it is important to know what percentage 
of children currently have elevated lead levels. While many 
types of screening have been mandated over time for 
children, lead screening to date has not been given priority 
in primary care. If health care providers are to determine 
if it is important to screen routinely for lead, more 
research is needed regarding the incidence of elevated lead 
levels in all children. Therefore, one must begin to study 
the incidence of increased lead levels in the general 
population of children. 
Research Question 
Because elevated lead levels in children can 
permanently alter a child's potential for good physical and 
emotional health, it is important to begin to explore what 
the incidence of elevated lead levels is in children. 
Therefore, the research question for this study is what is 
the incidence of elevated blood lead levels in children who 
received health care through a military facility? 
1 1  
Definition of Terms 
Military health care: Routine health maintenance 
including acute care at a military hospital or clinic 
provided by medical doctor, nurse practitioner, or physician 
assistant. 
Incidence: Rate of occurrence or influence as 
operationalized by descriptive statistics. 
Elevated blood lead levels; Blood lead levels of > 10 
mcg/dl determined by capillary blood lead levels done by 
finger stick screening. 
Children: Ages 1 to 6 years who received military 
health care and who have not previously been diagnosed. 
Significant percentage: Of the 50 participants 
(charts) 20% (n = 10) or greater. 
Summary 
In this chapter the research problem was discussed. 
The researcher stated the purpose of the study, then gave a 
statement of the problem and discussed the establishment of 
the problem. The significance of this study to nursing and 
the theoretical framework used were discussed. Assumptions, 
the research question, and definitions of terms were stated. 
Chapter II 
Review of Literature 
This review of literature discusses research studies 
within the last 4 years that are related to the effects of 
lead exposure on children. This chapter will present 
studies found in the literature which focused on the effects 
of lead exposure on children in terms of neuropsychological, 
developmental, and behavioral problems. 
In reviewing the literature it was noted that there 
were several sources and pathways of lead exposure in 
children. These included lead-based paint, soil and dust, 
drinking water, parental occupations and hobbies, air, food, 
and, for some children, "traditional" medicines (Farfel & 
Chisolm, 1990). Screening for lead levels in children is 
extremely important and can be beneficial. Lead poisoning 
is usually a silent disease where most poisoned children go 
undetected and untreated. Authorities recommend screening 
for all children ages 6 years and under, since virtually all 
children are at risk for lead poisoning. Due to cost and 
ease of obtaining the sample, the screening test of choice 
is blood lead measurement on capillary samples (CDC, 1991). 
A study by Needleman (Conference on Childhood Lead 
Toxicity, 1990) investigated neuropsychologic effects of 
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childhood lead exposure that have not been previously 
identified. This was a longitudinal study conducted over a 
3-year period. The population consisted of first- and 
second-grade children from two different towns in 
Massachusetts. Methodology included examining shed baby 
teeth from over 2,300 children. The author noted that lead 
is retained in bone for a very long time. The researcher 
and co-workers took advantage of the spontaneous bone biopsy 
that occurs when baby teeth are shed. The authors concluded 
from other studies that dentine lead levels are 
representative of past exposure. The target sample (N = 
158) included children with the highest and lowest dentine 
lead concentrations (highest levels, N = 53; lowest level, N 
=87). Both groups of children were selected for 
neuropsychologic testing and comparison involving various 
instruments. The Weschler Intelligence Scale for children 
was used. Results of this test showed that the median 
difference in IQ score between the two groups was 6 points. 
Overall, children with the highest lead dentine levels had a 
lower IQ than children with the lower levels. 
It was further observed that children with lead 
toxicity had poor attention span and were easily distracted. 
The attitudinal performance of children with high and low 
dentine lead levels was studied by measuring reaction times 
to a musical note that was sounded after the various time 
intervals. Results showed that the children with highest 
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levels reacted more slowly than the children with the lowest 
dentine lead levels (Conference on Childhood Lead Toxicity, 
1990) . 
The neuropsychologic testing included auditory, 
language, and other tests. Teachers were asked to complete 
a yes or no behavior questionnaire for all children who gave 
a tooth. Teachers rated each child on behavior, such as 
distractibility, persistence, and ability to follow 
directions, without the benefit of the knowledge of the lead 
status of any child. Results showed that children with the 
highest dentine lead levels had the most negative ratings 
(Conference on Childhood Lead Toxicity, 1990). The authors 
concluded that the findings from this study were consistent 
with other studies of low-level lead exposure in other 
settings around the world, significantly that lead impairs 
children's IQ at low dose. No recommendations were made by 
the authors (Conference on Childhood Lead Toxicity, 1990). 
Sciarillo, Alexander, and Farrell (1992) examined the 
relationship between lead exposure and child behavior. 
Sciarillo et al. noted that unlike cognitive impairments 
associated with lead exposure, lead-associated child 
behavior problems have been difficult to specify, 
particularly among young children. Nonspecific problems, 
such as overactivity, irritability, and lethargy, may not be 
recognized until the child enters school. This study 
specifically examined the influence of lead on maternal-
reported behavior in children ages 2 to 5 years. 
A convenience sample of 150 mother-child dyads were 
used. Instrumentation included the Child Behavior Checklist 
(CFCL) and the Center for Epidemiologic Studies Depression 
Scale. These measures were examined with regard to blood 
lead levels of 201 African-American children ages 2 through 
5 years. A comparison was done with the low-exposed group 
and high-exposed group. The high-exposed group had a 
significantly higher mean CFCL Total Behavior Problem Score 
(TBPS). Sciarillo et al. (1992) concluded that through the 
use of a standardized parent-report measure of behavior and 
consideration of maternal morale in multiple linear and 
logistic regression procedures, the evidence of lead's 
detrimental effect on child behavior at levels of typical 
present-day exposure was substantiated. 
A study by Levallois, Lavoie, Goulet, Nantel, and 
Gingras (1991) focused on determining the effect of lead 
contamination around a lead-reclamation plant on the blood 
lead levels of children and pregnant women living in the 
area. This study used as subjects all children ages 10 
years or less and all pregnant women living in the 
designated area. The target sample that participated in the 
study included children (n = 510) and pregnant women (n — 
38). Outcome measures included correlation of venous blood 
lead level with soil lead concentrations in the areas in 
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which the subjects lived and with sociodemographic and 
behavioral factors. Results showed that the pregnant 
women's blood lead levels did not seem to be affected by 
exposure level, but the children's levels were primarily 
related to the soil lead concentration. Children who lived 
within closer proximity to the lead-reclamation plant had 
the highest levels. According to Levallois et al. (1991), 
the results in pregnant women were reassuring. Blood lead 
levels in the pregnant women were less than 0.48 umol/L, and 
geometric mean levels were very low even for those living in 
the area considered to be most contaminated (0.15 umol/L). 
The results for the children, however, were less reassuring. 
One child age 18 months was classified as having moderate 
lead poisoning according to the 1985 CDC criteria (blood 
lead level greater than 1.21 umol/L). A total of 22% of the 
children ages 6 months to 5 years living in the most 
contaminated area had potentially harmful blood lead level. 
There was a dose-response relationship to the proximity of 
the residence to the plant. 
Levallois et al. (1991) suggested that children were 
more at risk for lead poisoning because of more hand-to-
mouth activities and that soil and dust were indefinite 
sources of lead exposure. In conclusion the authors noted 
that young children have an increased intake of lead when 
they reside in an area with soil lead contamination, and 
adults and older children are less prone to elevated blood 
lead levels. No recommendations were made. 
Bergomi et al. (1989) looked at the relationship 
between lead exposure indicators and neuropsychological 
performance in children. The authors noted that adverse 
effects in children arose from lead exposure and represent a 
public health problem, particularly in industrialized 
nations. Bergomi et al. noted that it was difficult to 
compare studies in which different lead indicators were used 
(blood, hair, or teeth) since they represent different time 
periods of exposure. Other factors which might explain 
inconsistencies include use of different tests and 
statistical analysis. In this study the indicators analyzed 
were lead in blood, hair, and teeth (exposure measures) and 
one of effect (delta-amino levulinic acid-dehydratase [ALA-
D] activity) . The purpose of this study as stated by the 
researchers was to (a) evaluate the relationship between 
current and long-term indicators in their (researchers) 
exposure conditions, (b) establish which indicators 
correlated best with the psychometric test scores, and (c) 
determine the most suitable neurologic test to evaluate the 
QQj-gy 0ff0cts of low level lead exposure. xhe children in 
the sample were selected from a population of children from 
a small center (Sassuolo, Northern Italy) where lead 
pollution came from a particularly high density of ceramics 
factories (more than 100 in a few sguare kilometers). These 
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children were likely to have been exposed to high lead 
levels at birth, which subsequently decreased after the 
first years of life. This was due to severe legal 
provisions introduced to control environmental pollution. 
The sample consisted of children ages 7 to 8 years (N = 
237). Blood and hair were sampled over a 3-month period. 
Blood lead levels were obtained on venous samples. Accuracy 
of the analysis was checked by regular participation in a 
quality control program. Hair samples were taken from the 
nape of the neck at the time of blood collection and tested 
for lead. Teeth were collected over an 8-month period to 
await natural loss of deciduous teeth, and lead content was 
measured. ALA-D activity was measured with the Standardized 
European method. All analyses of lead were performed by 
flameless atomic absorption spectroscopy (Perkin Elmer Model 
5000), equipped with a graphite furnace system (Perkin Elmer 
Model 400). A battery of psychometric tests was 
administered by 4 psychologists to the 237 children between 
7 and 10 days after the biological sampling. The children 
were randomly subdivided among the psychologists. The 
psychometric tests included the following: 
1. The Wechsler Intelligence Scale for Children 
tested total, verbal, and performance IQs. 
2 . The Bender Gestalt test assessed visual and motor 
performance. 
19 
The Trail Making test assessed visual, motor, and 
sequential ability. 
4 . The Toulouse Pieron Cancellation test evaluated 
ability in figure identification, discrimination, and 
attention. 
5. The Delayed Reaction Time test for reaction time. 
Statistical analysis of data included descriptive 
analysis and Pearson correlation coefficients which 
evaluated the association between psychometric and lead 
exposure data. Analysis of variance (ANOVA) evaluated the 
influence of potentially confounding variables, and also the 
psychometric tests explained by ALA-D and levels of lead in 
blood, hair, and teeth. The authors found that of the three 
exposure indicators, lead in teeth was the most predictive 
of neuropsychological impairment while current blood-lead 
and short-term hair-lead indicators had little or no 
predictive value. "The significant relationship of 
neuropsychological impairment with the long-term exposure 
indicator tooth-lead, supports the hypothesis that some 
neurological functions were affected in the first years of 
life, when the levels of lead pollution were highest" 
(Bergomi et al. , 1989 , p. 188). Bergomi et al. ( 1989 ) 
concluded that they could not define the minimum level of 
lead associated with early neuropsychological impairment in 
children except by studying other groups of children and 
using different statistical analysis. 
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Lyngbye, Jorgensen, Grandjean, and Hansen (1990) looked 
at the validity and interpretation of blood lead levels. 
The population included Danish school children. The 
researchers stated that the purpose of this study was to 
assess the distribution of blood lead in children from a 
low-level lead exposure area. Lyngbye et al. ( 1990) noted 
that this research was conducted in connection with a study 
of neurobehavioral functions. Children with the lowest and 
the highest lead burdens in the area were identified by 
determining the lead concentrations in shed deciduous teeth. 
The validity of the blood sampling technique, the laboratory 
procedure, and the relationship between current blood lead 
and the cumulated lead level in the teeth were examined. 
The sample in this study by Lyngbye et al. ( 1990) was 
selected from a population of eligible children who were 
asked to donate one or more shed deciduous teeth to the 
project through their teacher. The sample size (N = 200) 
included children in the high-lead and low-lead group (high-
lead group, n = 101; low-lead group, n = 99). Five blood 
sampling methods were evaluated in a comparison study of the 
adult controls. Adult controls consisted of blood drawn by 
five different techniques in 10 adult volunteers selected 
from healthy hospital and university personnel. The five 
sampling methods included two using capillary blood and 
three using different collection methods: the Vacutainer 
System, the Abbocath System, and the Venflon Cannula System. 
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Analytic methods for determining blood lead used the 
following equipment: Perkin Elmer Model 5000 with graphite 
furnace HGA-500, auto-sampler AS-40, and Zeeman background 
correction (Lyngbye et al., 1990). 
Other statistics looked at by Lyngbye et al. ( 1990) 
were exposure data which included water lead concentration, 
interview data, direct observation of the children's homes, 
demographic data, and an index of traffic counts. Data 
processing was accomplished using the SPSS Statistical 
Package and normal distribution statistics including linear 
regression and multiple regression. Lyngbye et al. (1990) 
found no significant correlation between groups when blood 
lead and dentine lead were examined for the high- and low-
level lead groups separately. Blood lead was significantly 
higher in the high tooth-lead group than in the low-level 
group. Current blood lead levels were poorly correlated 
with the accumulated past exposure as assessed by the entire 
lead levels about 2 years ago. Lyngbye et al. (1990) found 
that the preferred method of blood sampling was the 
capillary method. It was noted that capillary blood can be 
easily contaminated with exogenous lead; therefore, 
collection and handling must be performed with great care. 
Collection of capillary blood ensures a high participation 
rate that cannot be achieved with venipuncture. The results 
concluded that careful capillary blood sampling results in a 
minimal lead contamination and was acceptable to children. 
* — I •••ill I ilHllllllliil HI 
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Current blood lead can be related to indicators of current 
exposure, but associations are weak, partly due to lack of 
precision in characterizing individual exposures to 
environmental lead, as well as temporal variability (Lyngbye 
et al., 1990 ) . 
Another study by Bellinger et al. (1991) looked at low-
level lead exposure and children's cognitive function in the 
preschool years. Bellinger et al. noted that "the public 
health risk posed by so-called subclinical lead exposures 
cannot be fully evaluated without fully knowing whether the 
associated developmental difficulties persist into the later 
preschool and school-age periods" (p. 219). Therefore, it 
was determined that identification of factors modifying the 
development of a lead-exposed child was critical. 
In this prospective study by Bellinger et al., the 
sample included 170 middle- and upper-class children who 
averaged from 0 to approximately 5 years of age. The 
children were recruited from the delivery population of the 
Brigham and Women's Hospital in Boston, Massachusetts. 
Criteria for selection included newborns with umbilical cord 
blood lead concentrations < 3 mcg/dl, 6 to 7 mcg/dl, or 10 
mcg/dl, the absence of a medical condition known to increase 
the risk of developmental problems, an English speaking 
mother, and residence within 10 miles of Boston but outside 
specified inner city neighborhoods or housing projects. 
Periodic assessments of development and lead exposure were 
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performed at ages 1, 6, 12, 18, and 24 months. Evaluations 
done through 24 months of age on the Mental Development 
Index (MDI) of the Bayley scales of Infant Development 
showed that children with umbilical cord blood lead levels 
between 10 and 25 mcg/dl had modest but persistent cognitive 
deficits. Evaluations were also performed at 57 months on 
these same children. Other instrumentation included the 
Home Observation for Measurement of the Environment (HOME) 
Scale and a battery of developmental tests administered in a 
fixed order and performed at two sessions, one at the 
hospital and one at the child's home (Bellinger et al., 
1991) . 
Assessments were conducted by a single examiner who was 
not aware of the children's lead exposure and developmental 
difficulties. Major focus was placed on the McCarthy Scales 
of Children's Abilities. This scale yields a General 
Cognitive Index (GCI) and five subscale scores: Verbal, 
Perceptional, Performance, Quantitative Memory, and Motor. 
Lead levels were obtained after the first session. 
Statistical analysis examined the association between test 
scores and current blood lead levels and several variables. 
Multiple Regression was used to model GCI scores and the 
five subscale scores. Findings showed that up to 24 months 
children's scores on the MDI (Mental Development Index) of 
the Bayley Scales were related to the level of prenatal lead 
exposure (Bellinger et al., 1991). 
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The results showed that in children between the ages of 
24 months and 57 months there was no association between 
prenatal exposure and test scores at the 57 months 
evaluation. Children's scores on the McCarthy Scales of 
Children's Abilities were not significantly related to 
umbilical cord blood lead levels. Postnatal exposure was 
not associated with MDI scores at 24 months, but blood lead 
level at 24 months was inversely related to GCI scores at 57 
months. Bellinger et al. concluded that the findings 
suggested that early developmental problems associated with 
umbilical cord blood lead levels > 10 mcg/dl may not persist 
until age 57 months in children whose prenatal lead exposure 
was < 10 mcg/dl. It was also noted that high social class 
standing is associated with greater recovery from early 
developmental problems. Higher postnatal exposures, 
particularly at 24 months, were often associated with poorer 
performance at age 57 months regardless of children's social 
standing. 
Summary 
The studies found in the literature do suggest that 
children are at significant risk for lead exposure. These 
studies do support the statement made by the CDC (1991) that 
adverse effects occur with blood lead levels as low as 10 
mcg/dl. Most of the studies focused on the effects of lower 
level lead exposure while the current study looked at the 
incidence of elevated lead levels and any related trends. 
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This literature review indicated that more research is 
needed to look at the incidence of elevated lead levels in 
children in various settings. 
Chapter III 
The Method 
The purpose of this research study was to determine the 
incidence of elevated lead levels in children ages 1 to 6 
years who received health care in a military facility. This 
chapter presents the procedures for data collection, data 
analysis, and evaluation. Measures to assume 
confidentiality and anonymity are also explained. 
Design of the Study 
The design used for this study was a retrospective 
chart review. Retrospective studies are ex post facto 
investigations. The purpose of this retrospective study was 
to investigate how the status of the phenomena of interest 
existing in the present is linked to other phenomena 
occurring in the past (Polit & Hungler, 1991). 
Research Question 
Because elevated lead levels in children can 
permanently alter a child's potential for good physical and 
emotional health, it is important to begin to survey what 
the incidence of elevated lead levels is in children. 
Therefore, the research question for this study was what is 
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the incidence of elevated blood lead levels in children who 
received health care through a military facility? 
Limitations 
The limitations for this study were in the sampling as 
follows: 
1. The sample was a small convenience sample and, 
therefore, results of the study could not be generalized. 
2. Military children may have easier access to health 
care and, therefore, may not be representative of all 
children. 
Setting, Population, and Sample 
The setting was a pediatric clinic at a military health 
care facility in rural Northeast Mississippi. This clinic 
is staffed with a pediatrician, a pediatric nurse 
practitioner, and two medical technicians. The pediatric 
clinic serves from 800 and 900 pediatric clients between the 
ages of 0 and 17 years per month. These clients are usually 
from this rural Northeast Mississippi area. The population 
for this study included all children ages 1 to 6 years who 
had received health care through the military facility. The 
sample included all children who met the criteria. A sample 
of convenience included charts of children (N — 50) from the 
pediatric clinic at this military health care facility. 
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Methods of Data Collection 
Technique. The technique used for this study was 
review of 50 charts of children ages 1 to 6 years who 
received health care in a military facility for lead test 
results. The method used to obtain the lead sample was 
found to be capable of achieving detection limits of less 
than 2 mcg/dl blood lead concentration. The laboratory 
facility performs between 400 and 700 lead measurements 
daily. This procedure was found to be 100% accurate and 
reliable. The laboratory reported no false positive levels 
(Lab supervisor, personal communication, March 1993). When 
a capillary sample was found to have an elevated level, the 
test was repeated on a venous sample (CDC, 1991). The 
laboratory facility stated this procedure was reliable and 
accurate (providing the sample is uncontaminated) due to the 
use of high quality lead standard solution for instrument 
calibration. Lead results and demographic data were part of 
the permanent medical records and were therefore found to be 
reliable. 
Procedures 9 Following approval of the Committee on Use 
of Human Subjects in Experimentation at Mississippi 
University for Women (see Appendix A), written permission 
from the military health care facility for data collection 
was obtained (see Appendix B). Names and social security 
numbers of subjects were not disclosed in the results of the 
study in order to protect the anonymity of the participants. 
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Method of Data Analysis 
Analysis of data was done on the blood lead levels 
using descriptive statistics including percentage 
freguencies, mean, median, mode, and central tendency. 
Chapter IV 
The Findings 
The purpose of this descriptive study was to 
determine the incidence of elevated blood lead levels in 
children ages 1 to 6 years who received health care in a 
military facility. Neuman's Systems Model was used as the 
theoretical framework for this study. In this chapter, 
the sample is described and the results of data analysis 
are presented using descriptive statistics. 
Description of Sample 
The sample (N = 50) included the charts of 50 
children ages 1 to 6 years who received health care in a 
military facility, lived in the rural Northeast 
Mississippi area, and had lead levels performed. Fifty 
percent of the sample was male (n = 25) , and 50% was 
female (n = 25). The mean age of the children was 2 years 
and 6 months. Sixty percent of the children were under 
the age of 2 years, 18% were between the ages of 2 and 4 
years, and 22% were between the ages of 4 and 6 years. No 
other demographic information was obtained. 
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Results of Data Analysis 
The research question that guided this study was what 
is the incidence of elevated blood lead levels in children 
ages 1 to 6 years who receive health care in a military 
facility? The lead levels of 50 children who were 
screened at the military facility were reviewed. There 
was a low incidence of elevated (> 10 ]jg/dl) blood lead 
levels in this sample. Of the 50 records reviewed, there 
were two lead elevations, one at 11 /jg/dl and the other at 
19 pg/dl (see Table 1). This showed that 4% of the sample 
(n = 2) had elevated blood lead levels. 
Frequency distribution of all the lead levels 
obtained is shown in Table 1 and Figure 1. Table 1 lists 
the lead level elevations. Lead levels are listed from 0-
19 vg/dl, with 19 jL/g/dl being the highest level recorded 
for this group. Frequencies and percentages were 
determined for each lead level. Figure 1 is a histogram 
of the lead levels showing the frequencies of each lead 
level. Two children had lead levels of > 10 fjg/dl; one 
child was male and the other child was female. Forty 
eight children had lead levels of > 0 fig/dl, and 2 
children had lead levels of zero. The mode, median, and 
mean of the lead levels were determined: the mode = 2, 
the median = 9.5, and the mean - 4.06. 
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Table 1 
Frequency Distribution of Lead Levels 
Levels yiq/dl F % 
0 2 4 
1 3 6 
2 15 30 
3 9 18 
4 4 8 
5 5 10 
6 3 6 
7 3 6 
8 3 6 
9 1 2 
10 0 0 
11 1 2 
12 0 0 
13 0 0 
14 0 0 
15 0 0 
16 0 0 
17 0 0 
18 0 
0 
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In this study only 4% of the sample (n = 2) had a 
blood lead level of 0 pg/dl. This indicated that the 
other 96% of the sample (n = 48) had some form of lead 
exposure resulting in a lead level > 0 jjq/dl. Four 
percent (n = 2) of the 96% had elevated blood lead levels 
(> 10 fjg/dl). The two children with elevated lead levels 
did not receive any treatment. Follow-up and/or treatment 




The purpose of this descriptive study was to determine 
if a significant percentage of children cared for by a 
military facility experienced elevated blood lead levels. 
This was accomplished by a retrospective chart review. The 
Neuman's Systems Model was utilized as the theoretical 
framework for this study. The research guestion that guided 
this study was what is the incidence of elevated blood lead 
levels in children ages 1 to 6 years who received health 
care by a military facility? Methodology included reviewing 
50 charts of children ages 1 to 6 years who received health 
care at a military facility for lead levels. The lead 
levels were recorded and then analyzed using descriptive 
statistics. This chapter presents a summary and discussion 
of the findings for this study. Conclusions are made 
related to these findings. The implications of this study 
for nursing as well as recommendations for future study are 
also offered. 
Summary of Findings 
The sample (N = 50) included the charts of 50 children 
ages 1 to 6 years who received health care in a military 
facility and who lived in the rural Northeast Mississippi 
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area. Data were analyzed using descriptive statistics 
including percentage frequencies, mean, median, and mode. 
Fifty percent of the sample were males (N = 25) and 50% were 
females (N — 25) . The mean age of the children was 2 years 
and 6 months. Sixty percent of the children were under age 
2 years, 18% were ages 2 to 4 years, and 22% of the children 
were 4 to 6 years old. The incidence of elevated blood lead 
levels found in the sample was 4% (> 10 ug/dl) , with 2 of 50 
children having elevated blood lead levels of 11 and 19 
yq/dl. Both children were under the age of 2 years. One 
child was male and the other child was female. 
Discussion 
The findings of this study indicated that 4% of the 
sample had elevated (> 10 pg/dl) blood lead levels. The two 
children who were found to have elevated blood lead levels 
were under 2 years of age. There are various sources of 
lead; however, children become exposed to lead by inhalation 
and ingestion (Marcus, 1992) . Sources of lead exposure 
include ambient air, dust from various sources, food, other 
ingestible materials, drinking water, lead-based paint, home 
hobbies, and occupations of parents. 
Although the incidence of elevated blood lead levels in 
this study may be considered low, a 4% incidence is 
important. Large numbers of children in the general 
population have elevated blood lead levels in their blood 
(Barker & Lewis, 1990). Whatever the level of exposure, 
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lead causes irreversible changes in the nervous system 
(Barker & Lewis, 1990). Currently, there are ways to 
minimize the effects of lead exposure, but the best 
intervention is prevention. There is essentially no safe 
threshold of lead exposure (Barker & Lewis, 1990); 
therefore, a safe level of lead is a zero blood lead. Only 
4% of the sample (n = 2) in this study had a zero lead 
level. 
Screening continues to be an essential public health 
activity. This study shows that the CDC (1991) 
recommendation for screening may be important to ensure that 
lead-exposed children are identified. Children with lead 
absorption who are asymptomatic cannot be identified other 
than by direct measurement of blood lead (Conference on 
Childhood Lead Toxicity, 1990). Based on present knowledge 
of lead's effects and the prevalence of elevated blood lead 
among children of all socioeconomic backgrounds and 
geographic locations, the CDC has recommended that all 
children under age 6 years be screened annually for lead 
absorption. Children in environments at greatest risk (such 
as inner-cities or smelter communities) for high dose lead 
exposure should be screened more frequently (CDC, 1991). 
The sequelae of elevated blood lead levels can be 
devastating. Lead poisoning is still one of the most common 
pediatric health problems today and is entirely preventable 
(CDC, 1991). Lead poisoning is easier to prevent than to 
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treat; however, it can be very destructive or deadly if 
ignored (Schlenker, 1992). The effects of lead exposure 
have many far-reaching consequences and can potentially 
cause irreversible damage to multiple body systems. 
Epidemiologic studies have shown that harmful effects of 
lead occur in children with lead levels even as low as 10 
^g/dl (CDC, 1991). When children's behavior is affected, 
they may have poor attention span and become easily 
distracted (Conference on Childhood Lead Toxicity, 1990). 
Needleman (cited in Conference on Childhood Lead Toxicity, 
1990) found that school performance is affected with low-
level lead exposure. There is an inverse relationship 
between lead levels and Intelligence Quotient (IQ) shown. 
Children with higher lead levels have lower IQs (Conference 
on Childhood Lead Toxicity, 1990). Lead-associated child 
behavior problems are difficult to specify, particularly in 
young children. Problems such as overactivity, 
irritability, and lethargy may go unrecognized until the 
child enters school. The findings of this study suggest 
that a shift toward primary prevention is essential. CDC 
(1991) recommends universal screening, since lead is 
everywhere in the environment. This can be accomplished 
through community-wide environmental intervention, risk 
reduction, nutrition, and education programs (DeRienzo-
DeVivio, 1992). This study showed that children with 
elevated blood lead levels can go unrecognized. Elevated 
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blood lead level cannot be seen, except through blood lead 
screening. Lead screening identifies asymptomatic lead-
poisoned children. Another benefit of lead screening is 
that abatement of lead sources for poisoned children results 
in prevention of lead poisoning for children who may have 
been exposed to those same sources in the future. The cost 
of treatment versus screening programs is a much greater 
expense. The benefits of screening by far outweighs the 
cost of treatment. 
Neuman's theory provided a valid framework that was 
useful to this study. One of the goals of Neuman's Systems 
Model is to promote client wellness by stressing prevention 
and reduction of risk factors (Neuman, 1989). Neuman uses 
the format prevention as intervention; this can begin at any 
point at which a stressor is either suspected or identified. 
In primary prevention, intervention begins when the risk or 
hazard is known, but a reaction has not yet occurred. This 
would include the risk or hazard of lead exposure and the 
reaction of lead poisoning. This study emphasized more 
secondary and tertiary prevention which includes early case 
finding, treatment, readaptation, reeducation, and 
maintenance. 
Conclusions 
The conclusion drawn by this study is that, although 
there was only a 4% incidence of blood lead levels elevated 
> 10 jjg/dl, there were 98% > 0 pg/dl in this sample; 
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therefore, screening is very significant. Without screening 
many lead-exposed children can go undetected because the 
effects of lead may occur in the absence of clinically 
evident signs or symptoms. This study also supported the 
CDC (1991) recommendation that lead screening should be done 
on all children below age 6 years. Even when only a few 
children with elevated blood lead levels are detected, the 
costs related to lead poisoning outweigh the cost of the 
screening program for lead poisoning. The sample in this 
study, however, is not representative of the general 
population, and findings, therefore, cannot be generalized. 
Implications for Nursing 
The goal of the CDC guidelines is to reduce blood lead 
levels in children to below 10 pg/dl. Pediatric nurse 
clinicians must be part of an integral approach to 
environmental prevention. As part of the public health 
team, nursing plays a critical role in the prevention and 
management of childhood lead poisoning. As an advocate for 
children and their families, the pediatric nurse clinician 
must teach parents about major sources of lead and how to 
prevent poisoning. Although screening is not yet mandated, 
it is highly recommended. The pediatric nurse clinician 
must provide lead screening following the CDC guidelines and 
interpret test results. Other implications for nursing 
include working with appropriate groups to ensure that 
children with elevated blood lead levels receive appropriate 
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care and follow-up and coordinating with local public health 
officials. 
Recommendations for Further Study 
This study suggested other areas for future 
investigation. Replication studies with more representative 
groups and inclusion of more demographic data would add 
value to the current study. These studies would provide 
information on the incidence of elevated blood lead levels 
among various groups of children. Studies to investigate 
the more common sources of lead exposure in younger children 
in age groups under 2 years, 2 to 4 years, and 4 to 6 years 
would provide additional data for primary prevention. 
Studies on the effects of lead levels between 1 fjg/dl and 9 
^g/dl would provide more information on specific symptoms to 
watch for in young children. Longitudinal studies 
specifically conducted to explore the effects of low level 
lead exposure would provide a useful addition to the body of 
knowledge. 
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Ms. Christina Montague 
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Dear Ms. Montague: 
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on Human Subjects in Experimentation have approved your proposed 
research with the suggestion that you receive in writing permission 
of the responsible party at Columbus Air Force Base to review the 
records. No review of the records should be undertaken until 
there is an adequate permission form furnished by Columbus Air 
Force Base and/or the patients (if patients are minors, permission 
from their parents). 
I wish you much success in your research. 
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Ms. Jeri England 
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237 Green Hollow Circle 
Columbus MS 39701 
Dear Ms. Montague, 
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ATTENTION: Constance Egan, Lt. Colonel Commander 
14th Medical Squadron 
This institution grants permission to Christina Montague, 
RN, BSN, to review the charts of 50 children who were tested 
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received health care at this faci1ity. The nature of this 
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information will be kept confidential. 
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